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(57) ABSTRACT 

A corrosion resistant tube comprises a metal tube having an 
outer surface. A Zinc layer is electrostatically bonded to the 
outer surface, wherein the Zinc layer is selected from the 
group consisting of powdered Zinc, powdered Zinc nickel 
alloys, powdered Zinc cobalt alloys, and powdered Zinc 
aluminum alloys. Optionally, one or more polymeric layers 
may be electrostatically bonded to the Zinc layer, or to a 
surface treatment layer, wherein the polymeric layer(s) 
comprises powdered thermoplastic materials selected from 
the group consisting of powdered nylons, powdered 
?uoropolymers, powdered polyesters, and mixtures thereof. 
Optionally, the polymeric layer(s) may be electrostatically 
bonded directly to the outer surface. 

Aprocess for producing corrosion resistant tubing comprises 
the steps of: electrostatically charging aerated particles of a 
powdered material in a ?uidiZing chamber; conveying 
grounded metal tubing through the charged particles, 
thereby uniformly coating the tubing outer surface; and 
heating the coated tubing. 

60 Claims, 5 Drawing Sheets 
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CORROSION RESISTANT POWDER 
COATED METAL TUBE AND PROCESS FOR 

MAKING THE SAME 

BACKGROUND OF THE INVENTION 

This invention relates to a metal tube, and more particu 
larly to a metal tube having a corrosion resistant powder 
coated outer surface. 

Metal pipes often have their outer surfaces covered With 
a protective coating. These pipes are used for conveying 
brake ?uids, fuel and the like in a motor vehicle. As such, 
these pipe lines are located under the body of the vehicle. 
Since they are used in such a harsh environment, the pipes 
are required to have a high degree of corrosion resistance, 
scratch resistance, impact strength and mechanical Wear 
resistance. In cold climates, it is not unusual to encounter 
road salt sprinkled onto road surfaces in order to prevent 
icing on the road surfaces and the inherent dangers caused 
thereby. The popularity of spreading road salt has created a 
serious problem of metal pipe corrosion. The pipes are also 
vulnerable to damage or Wear from stones or mud spattered 
by rotating Wheels of the vehicle. Therefore, it is necessary 
that the pipes attached to the underbody of the vehicle be 
coated so as to resist both chemical corrosion and mechani 
cal damage or Wear. 

A double-rolled steel pipe has been proposed that is made 
by rolling a steel strip or hoop tWice and braZing its 
longitudinal edges by means of a copper plating layer, or a 
seam Welded steel pipe, Where the pipe has an outer surface 
coated With an electroplated Zinc ?lm. The Zinc ?lm has an 
outer surface coated With a relatively thin special chromate 
?lm having, for example, an olive color. Chromate is typi 
cally used to enhance the adhesion of the subsequent layer 
by making the surface rougher. The chromate ?lm has an 
outer surface coated With a ?uorinated resin ?lm. The 
?uorinated resin ?lm is formed by impregnating the chro 
mate ?lm With a dispersion of polyvinyl ?uoride immedi 
ately after the formation of the chromate ?lm When it is still 
in the state of a gel, and drying them under heat, so that the 
?uorinated resin ?lm may form an intimate bond With the 
chromate ?lm. When the chromate ?lm is formed by treating 
the pipe With a solution, it requires large amounts of a 
chromium compound and an organic acid, such as formic 
acid, used as a reducing agent. It is necessary to supply the 
treating solution With the chromium compound frequently, 
and to reneW it at regular intervals of time in order to 
maintain a constant ?lm forming capacity. The Waste 
solution, hoWever, contains a large amount of chromium 
having a valence of 6, Which is a toxic substance. As such, 
the disposal of this toxic Waste solution is very costly. 
Although the chromate ?lm as formed is highly resistant to 
corrosion, the heat to Which it is exposed during the forma 
tion of the resin ?lm deprives it of Water and thereby makes 
it brittle. Any plastic deformation of the pipe, such as may 
result from bending or double ?aring, forms ?ne cracks in 
the chromate ?lm Which loWers its rustproo?ng properties. 

It has also been proposed to provide a corrosion resistant 
pipe Where a metal pipe is provided With an outer surface 
coated With a Zinc ?lm, a chromate ?lm, an intermediate 
layer consisting sequentially of an epoxy resin and a poly 
vinyl ?uoride ?lm formed one on top of another in the order 
listed. 

Aplastic-coated steel tube has also been proposed Where 
a steel tube has an inner layer of at least one cross-linked 
polyole?n modi?ed With a hydrolyZable silane and an outer 
unmodi?ed or soot-blended polyole?n layer on the exposed 
surface of the inner layer. 
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2 
Aprocess for coating metal tubes With plastic material has 

also been disclosed Where a ?xed metal tube is heated to a 
temperature above the melting point of the plastic material 
to be employed, thereafter causing a mixture of plastic 
poWder and air to pass through the metal tube Whereby the 
plastic material is fritted onto the inside surface of the tube, 
thereafter rotating the metal tube and applying to the exterior 
surface thereof in a plurality of stages a plastic material, the 
plastic material being electrostatically sprayed onto the 
rotating metal tube. After each stage of electrostatically 
applying plastic to the outside surface of the metal tube and 
applying plastic material to the inside surface thereof, the 
plastic material is completely melted and smoothed. 
HoWever, this process has several draWbacks, including that 
it is a batch process (as opposed to a continuous process); it 
requires rotation of the tube; and the cure time of the plastic 
material is quite sloW, eg. several minutes. Thus, this process 
is rather inef?cient, both from a cost and time standpoint. 
An automobile tube line for a brake, fuel or hydraulic 

system has also been disclosed With an interior steel tube 
having a galvaniZed exterior layer With an additional exte 
rior olive chromated layer Which is Wrapped in an additional 
Nylon 12 layer casing Where the plastic casing is a polya 
mide layer applied by extrusion on top of the olive chro 
mated layer. 
A conventional method of applying a polyvinyl ?uoride 

(PVF) or polyvinylidene ?uoride (PVDF) coating onto tub 
ing is by applying the PVF or PVDF as a paint. As such, the 
PVF or PVDF is carried in a solvent to form the paint. As 
the solvent evaporates, the paint dries, thereby leaving the 
PVF or PVDF coating on the tube. This is not an environ 
mentally “friendly” practice, as much solvent vapor may be 
generated. Thus, complex and costly equipment is necessary 
for vapor recovery and post treatment. 

Thus, it is an object of the present invention to provide a 
corrosion resistant metal tube and process for making the 
same Which advantageously substantially eliminates volatile 
organic compounds, thereby substantially eliminating the 
need for vapor recovery. It is a further object of the present 
invention to provide a process Which utiliZes nearly 100% of 
the material applied to the tube, thereby advantageously 
substantially eliminating Waste of raW material(s). Still 
further, it is an object of the present invention to provide 
such a tube and process for making the same Which exhibits 
good adherence betWeen the tube and a subsequent corro 
sion resistant layer(s). Yet further, it is an object of the 
present invention to provide a metal tube and process for 
making the same Which advantageously substantially elimi 
nates the use of chromium, thereby advantageously substan 
tially eliminating the need for Waste removal of this toxic 
substance. Further, it is an object of the present invention to 
provide a process for making such a tube Which is 
continuous, and advantageously has a fast cure time and is 
cost effective. 

SUMMARY OF THE INVENTION 

The present invention addresses and solves the above 
mentioned problems and achieves the above-mentioned 
objects and advantages, as Well as other advantages not 
enumerated, by providing a corrosion resistant tube, com 
prising a metal tube having an outer surface. A Zinc layer is 
electrostatically bonded to the metal tube outer surface, 
Wherein the Zinc layer is selected from the group consisting 
of poWdered Zinc, poWdered Zinc nickel alloys, poWdered 
Zinc cobalt alloys, poWdered Zinc aluminum alloys, and 
mixtures thereof. One or more polymeric layers may be 
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electrostatically bonded to the Zinc layer, wherein the poly 
meric layer comprises powdered thermoplastic materials 
selected from the group consisting of poWdered nylons, 
poWdered ?uoropolymers, poWdered polyesters, and mix 
tures thereof. Optionally, the polymeric layer(s) may be 
electrostatically bonded directly to the outer surface of the 
metal tube. 

Further, the polymeric layer(s) may be electrostatically 
bonded to any type of a metal tube having an outer surface 
pretreated to form a surface selected from the group con 
sisting of (but not limited to) Zinc; a Zinc plate With 
chromate; a Zinc plate With phosphate and chromate; a 
galvaniZed Zinc layer With phosphate and chromate; a gal 
vaniZed Zinc layer With chromate; Zinc alloys consisting 
essentially of Zinc and a polymeric matrix and/or Zinc and an 
epoxy matrix; a Zinc-metal blend With phosphate and chro 
mate; a Zinc-metal blend With chromate; (Where the above 
mentioned Zinc-metal blend(s) is selected from a group 
consisting of Zinc-nickel alloy, Zinc-cobalt alloy, and Zinc 
aluminum alloy, and mixtures thereof); and mixtures 
thereof. 

The inventive corrosion resistant metal tube and process 
for making the same advantageously substantially elimi 
nates volatile organic compounds, thereby substantially 
eliminating the need for vapor recovery. The inventive 
continuous process utiliZes nearly 100% of the material 
applied to the tube, thereby advantageously substantially 
eliminating Waste of raW material(s); and is cost effective 
and faster than batch processes. The inventive tube and 
process for making the same exhibits good adherence 
betWeen the tube and a subsequent corrosion resistant layer 
(s). The metal tube and process for making the same may 
also (optionally) substantially eliminate the use of 
chromium, thereby advantageously substantially eliminating 
the need for Waste removal of this toxic substance. 

If multiple layers of poWdered polymeric material (even 
if of the same poWdered polymeric material) are applied to 
the tube, this greatly reduces the probability of apertures or 
perforations in any one layer reaching through to the base 
tube, thereby providing enhanced corrosion and damage 
resistance. 

The inventive process for producing corrosion resistant 
tubing comprises the steps of: aerating particles of a poW 
dered material in a ?uidiZing chamber; electrostatically 
charging the aerated particles by ioniZed air Which passes 
through a porous plate at the base of the chamber; conveying 
grounded metal tubing through the aerated, charged 
particles, Whereby the charged particles uniformly coat the 
tubing outer surface; and heating the coated tubing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features, advantages and applications of the 
present invention Will become apparent by reference to the 
folloWing detailed description and to the draWings, in Which: 

FIG. 1 is a simpli?ed ?oW diagram of a process according 
to the present invention for poWder coating a metal tube; 

FIG. 2 is a cross-sectional vieW of tubing according to a 
?rst embodiment of the present invention With the layer 
thicknesses exaggerated for purposes of illustration; 

FIG. 3 is a cross-sectional vieW of tubing according to a 
second embodiment of the present invention With the layer 
thicknesses exaggerated for purposes of illustration; 

FIG. 4 is a vieW similar to FIG. 3, shoWing a second 
polymeric layer electrostatically bonded to the ?rst poly 
meric layer; 
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FIG. 5 is a cross-sectional vieW of tubing according to a 

third embodiment of the present invention With the layer 
thicknesses exaggerated for purposes of illustration; 

FIG. 6 is a cross-sectional vieW of tubing according to a 
fourth embodiment of the present invention With the layer 
thicknesses exaggerated for purposes of illustration; and 

FIG. 7 is a table shoWing coating thicknesses and test 
results for various poWdered materials. 

DESCRIPTION OF THE PREFERRED AND 
ALTERNATIVE EMBODIMENTS 

It is desirable in the present invention to provide brake 
lines and fuel lines, and other lines Which could be damaged 
by the regular use of an automobile, Which can meet the 
continuous demand of traf?c conditions. Thus, these lines 
must have a long lasting durability of ten years or more. In 
such application areas, resistance to corrosion, resistance 
against breaking, cracking or bursting due to internal 
pressure, resistance to stone impact and a high corrosion 
resistance against Winter salt are all desirable characteristics. 
At this time, tube lines made of steel are currently being used 
in a large capacity. For brake lines, double-Wrap steel tubes 
are suitable, Whereas single Wall straight bead Welded steel 
pipes are more appropriate for fuel lines. 

Corrosion can be minimiZed by various methods, for 
example, by the use of a coating of protective metal such as 
Zinc, tin, lead, nickel or copper; by the production of oxide, 
phosphate or similar coatings on iron and steel surfaces; by 
the application of protective paints; and by rendering the 
surface of the metal passive. GalvaniZing Zinc is applied to 
metal surfaces by dipping into a bath of molten Zinc (the hot 
process) or Zinc alloys, by electrodeposition (the electrolytic 
or cold process), or by metal spraying. 
A further discussion of coating processes is found in US. 

Pat. No. 5,590,691, Which is incorporated herein by refer 
ence in its entirety. 
The corrosion resistant tubing 10 according to the present 

invention includes a metal tube or pipe 12. The metal tube 
12 may be Welded steel tube, braZed steel tube, aluminum, 
copper or stainless steel. The process of the present inven 
tion is capable of applying a single or multi-layer coating 
over any rigid or semi-rigid tubular material. Of particular 
interest in the present invention is the mechanical durability 
and corrosion resistance advantage obtained With carbon 
steel in either a Welded single Wall or braZed double Wall 
form of tube or piping. Application of multi-layer coatings 
on other materials may be of a decorative nature With some 

protection also being obtained, for example improved 
chemical resistance of the outer shell of a multi-layer 
coating over the underlying rigid or semi-rigid tubular 
material. 

Referring noW to FIG. 1, the metal tube 12 may be 
pretreated as required and/or desired through various clean 
and rinse stages. In addition, the pretreating of the metal 
surface may also include pickling to remove oxides and to 
improve the metal surface for deposition of a metal based 
coating, such as a Zinc based coating that is applied by hot 
dip galvaniZation, or the preferred method of electrolytic 
bath coating or plating. In the alternative, previously pre 
treated metal tubing 12 may be supplied to the poWder 
coating unit 100 according to the present invention. In either 
case, metal tubing 12 With a Zinc based coating applied 
thereon in a range of about 0.4 mil to about 1.0 mil may be 
either produced or supplied for subsequent treating as Will 
be disclosed hereinafter according to the present invention. 
A process for producing corrosion resistant tubing 10 

according to the present invention comprises the steps of 
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aerating particles of a powdered material in a ?uidizing 
chamber; and electrostatically charging the aerated particles 
by ionized air Which passes through a porous plate at the 
base of the chamber. The poWder coating unit 100 comprises 
the ?uidizing chamber With the porous plate at its base. 

The process further comprises the steps of conveying 
grounded metal tubing 12 having an outer surface 13 
through the aerated, charged particles in the poWder coating 
unit 100, Whereby the charged particles uniformly coat the 
tubing outer surface 13. The coated tubing is then heated. 

It is to be understood that any suitable poWder coating 
unit/process may be used. HoWever, in the preferred 
embodiment, an electrostatic poWder coating unit 100 com 
mercially available from Electrostatic Technology, Inc. in 
Branford, Conn. is used. The unit 100 includes the ?uidizing 
chamber and porous plate at the base of the chamber, as 
stated above. As the poWder particles become charged by 
ionized air, they form a cloud or veil of charged particles. 
When a grounded object, such as tubing 12, is conveyed 
through this cloud, the charged particles are attracted to it. 
As the particles deposit on the object, they form a uniform 
coating, being more attracted to exposed areas than to those 
already coated. As the surface becomes completely coated, 
the coated sections exhibit a self-limiting effect Which also 
tends to produce a uniform thickness. 

The air ionization process charges the poWder Without 
permitting the poWder, the object to be coated, or the 
operator to come in contact With the charging media. Vortex 
electrostatic ?uidized bed technology causes the creation of 
a poWder cloud that ?oWs around the tube. The vortex 
coating technology provides substantially perfectly concen 
tric ?lm builds on tubes. The vortex generators, one located 
at the inlet and one located at the outlet of the ?uidized bed, 
produce the secondary particle clouds Within the primary 
cloud Which provides poWder deposition of exceptional 
uniformity at signi?cantly reduced voltages. The vortex 
generator, together With a coating bed, generates a concen 
tric cloud of evenly charged poWder around the substrate. 
The charged particles are attracted to the substrate equally 
on all surfaces as it is passed through the coater resulting in 
overall uniformity. 

The heating step of the present invention may comprise 
tWo separate steps, namely passing the coated tubing 
through an induction heater 102; and then, passing the 
coated tubing through a chamber oven 104. The induction 
heater 102 quickly raises the temperature of the tubing; 
While the oven 104 maintains the temperature. If the poW 
dered material used is a thermoset polymeric material, the 
oven 104 alloWs cross-linking and curing; Whereas if the 
poWdered material used is a thermoplastic polymeric 
material, the oven 104 alloWs melting and ?oWing. 

It is to be understood that any suitable temperature and 
period of time Within both the induction heater 102 and the 
oven 104 may be used, as is suitable and/or desired to 
achieve proper and/or desired melt/cure characteristics. 
HoWever, in the preferred embodiment, the conveyance rate 
of the tubing is approximately 40 ft/min; the induction coil 
is betWeen about 11/2“ and about 2“ in diameter; and the time 
Within induction heater 102 is betWeen about 5.0 seconds 
and about 6.0 seconds. HoWever, it is to be understood that 
the time Within induction heater 102 may vary, depending 
upon material characteristics. 

Also in the preferred embodiment, the chamber oven 104 
maintains a temperature betWeen about 400° F. and about 
550° F.; and more preferably betWeen about 450° F. and 
about 500° F. It is to be understood that the temperature 
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ranges may vary, depending upon material characteristics. 
Also in the preferred embodiment, the tubing remains in the 
chamber oven 104 for a period of time ranging betWeen 
about 10 seconds and about 40 seconds; and more 
preferably, for a period of time ranging betWeen about 10 
seconds and about 33 seconds. Again, it is to be understood 
that the time Within chamber oven 104 may vary, depending 
upon material characteristics. It is to be understood that oven 
104 may be heated by any suitable source, including but not 
limited to infrared and/or natural gas and/or heated circu 
lated air. 
The process of the present invention may further comprise 

the steps of passing the heated, coated tubing through a 
cooling tank 106 such as a Water quench tank and/or a 
cold-air chamber; and pulling the tubing via a puller appa 
ratus 108 While maintaining tension on the tubing. Through 
out the process, a proper tension of the tubing 12 from feed 
to takeup should be maintained so as to minimize tube 
motion (up and doWn; and side to side) and to minimize 
contact With the induction coil. Further, the process of the 
present invention may comprise the step of conveying the 
coated tubing past air knives (not shoWn) at the end of the 
Water quench 106 to remove any excess Water from the 
tubing 10 before it reaches the take up reels (not shoWn). 
Still further, the process of the present invention may 
comprise a cutoff step (not shoWn) Where the tubing is cut 
to the appropriate length or coiled as desired. 

It is to be understood that the electrostatic method for 
poWder coating tubing described hereinabove may be used 
to coat tubing 12 With any suitable desired poWdered mate 
rial; and the process may also be used to apply subsequent 
layers of poWdered material (either the same or a different 
material) onto the poWder coated tubing. It is also to be 
understood that the present inventive process may be used in 
combination With other conventional processes; for 
example, tubing 12 may be hot dipped, painted, etc. and then 
have a poWder coated layer applied thereto; and/or, tubing 
12 may be poWder coated With the poWdered zinc/zinc alloy 
and then have subsequent polymeric layers poWder coated, 
extruded, and/or solution painted thereon. Some non 
limitative examples of these variations folloW. 

Referring noW to FIG. 2, corrosion resistant tube 10 
comprises a metal tube 12 having an outer surface 13. Azinc 
layer 14 is electrostatically bonded to, and/or deposited on 
the metal tube outer surface 13. It is to be understood that the 
zinc layer may comprise any suitable material. HoWever, in 
the preferred embodiment, the zinc layer 14 is selected from 
the group consisting of poWdered zinc, poWdered zinc nickel 
alloys, poWdered zinc cobalt alloys, poWdered zinc alumi 
num alloys, and mixtures thereof. 

Throughout the present disclosure, it is to be understood, 
and believed apparent, that When it is stated that a “poW 
dered” material is electrostatically bonded to a tube surface 
and/or underlying layer, it is not meant that the material 
remains in its poWdered state. Rather, it is meant that the 
material originated as a poWder, but through coating, 
heating, etc. has turned into a ?lm coating. HoWever, When 
it is speci?ed that a “poWdered” material is fed into the 
poWder coating unit 100, it is to be understood, and believed 
apparent, that the material is in its poWdered form at that 
time. 

It is also to be understood that the zinc layer 14 may be 
applied in any suitable and/or desired thickness; hoWever, in 
the preferred embodiment, the zinc layer 14 has a thickness 
ranging betWeen about 10 microns and about 150 microns, 
preferably betWeen about 25 microns and about 75 microns, 
and more preferably betWeen about 20 microns and about 45 
microns. 
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Some suitable powdered Zinc materials are commercially 
available from Morton Powder Coatings, Inc. in Reading, 
Pa. Various Morton grades/products and representative 
physical characteristics thereof folloW. CORVEL® Zinc 
Rich Gray 13-7004 is a specially formulated thermoset 
epoXy poWder coating. This poWdered coating is designed 
for electrostatic application; and recommended ?lm thick 
ness is 1.8—2.2 mils. The recommended cure schedule is 6 
minutes at 375° F. (190.5° C.) metal temperature. Some 
typical performance characteristics include the folloWing. 
The speci?c gravity (calculated) is 2.94. The coverage 
(calculated) is 65 ft2/lb./mil. The particle siZe (Alpine Jet 
Sieve) using test method ASTM D 3451 (% retained) is: 
+200 Mesh: 0—5%; +325 Mesh: 5—30%. 60 degree gloss 
using test method ASTM D 523 is 65—80 units. The ?eX 
ibility using test method ASTM D 522, Method B is Vs inch 
mandrel. The Taber abrasion using test method ASTM D 
4060 (CS-10 Wheel, 1000 gram load, 1000 cycles) is 40—60 
mg loss. The impact resistance (Direct/Reverse) using test 
method ASTM D 2794 (5/s inch indenter) is 160 in.lbs. The 
pencil hardness using test method ASTM D 3363 is H-2H 
(Mar); 4H—5H (Gouge). The crosshatch adhesion (2 mm 
cuts) using test method ASTM D 3359, Method B, is 4B—5B. 
The humidity resistance (unscribed) using test method 
ASTM D 2247 is 5800+ hours. The salt spray resistance 
(vertical scribe) using test method ASTM B 117 is 4000+ 
hours. 

CORVEL® Zinc Rich Gray 13-7008 is an epoXy poWder. 
The speci?c gravity (calculated) is 2.94. Coverage, square 
feet per pound per mil is 65. The particle siZe (Alpine Jet 
Sieve) using test method ASTM D 3451 (% retained) is: 
+200 Mesh: 0—5%; +325 Mesh: 5—30%. In a test conducted 
With electrostatic spray application using test method 
MPTM 13 on a Q-PANEL substrate having a cure schedule 
of 5 minutes at 375° F., the ?lm thickness Was 1.6—2.2 mils. 

CORVEL® ECB-1363A Gray 2770 17-7006 is an epoXy 
poWder. The speci?c gravity (calculated) is 1.80. Coverage, 
square feet per pound per mil is 107. The particle siZe 
(Alpine Jet Sieve) using test method ASTM D 3451 (% 
retained) is: +200 Mesh: 4 MAX%; +325 Mesh: 10—30%. In 
a test conducted With electrostatic spray application using 
test method MPTM 13 on a 3“><4“><1/s“ CRS substrate With 
a cure schedule of 10 minutes at 450° F., the ?lm thickness 
was 40—60 mils. 

CORVEL® YelloW P II 40-2031 is a hybrid poWder. The 
speci?c gravity (calculated) is 1.53. Coverage, square feet 
per pound per mil is 126. The particle siZe (Alpine Jet Sieve) 
using test method ASTM D 3451 (% retained) is: +200 
Mesh: 0—15%; +325 Mesh: 30—40%. In a test conducted 
With electrostatic spray application using test method 
MPTM 13 on a Q-PANEL substrate With a cure schedule of 
8 minutes at 385° F., the ?lm thickness Was 1.3—1.7 mils. 

CORVEL® Red Oxide 10-4073 is an epoXy poWder. The 
speci?c gravity (calculated) is 1.52. Coverage, square feet 
per pound per mil is 127. The particle siZe (Alpine Jet Sieve) 
using test method ASTM D 3451 (% retained) is: +200 
Mesh: 0—15%; +325 Mesh: 30—40%. In a test conducted 
With electrostatic spray application using test method 
MPTM 13 on a Q-PANEL substrate With a cure schedule of 
10 minutes at 400° F., the ?lm thickness Was 1.8—2.2 mils. 

CORVEL® Red Primer 10-4098 is an epoXy poWder. The 
speci?c gravity (calculated) is 1.42. Coverage, square feet 
per pound per mil is 135. The particle siZe (Alpine Jet Sieve) 
using test method ASTM D 3451 (% retained) is: +200 
Mesh: 0—15%; +325 Mesh: 30—40%. In a test conducted 
With electrostatic spray application using test method 
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MPTM 13 on a Q-PANEL substrate With a cure schedule of 
20 minutes at 225° F., the ?lm thickness Was 1.2—1.8 mils. 

CORVEL® White 10-1066 is an epoXy poWder. The 
speci?c gravity (calculated) is 1.78. Coverage, square feet 
per pound per mil is 108. The particle siZe (Alpine Jet Sieve) 
using test method ASTM D 3451 (% retained) is: +200 
Mesh: 0—8%; +325 Mesh: 15—30%. In a test conducted With 
electrostatic spray application using test method MPTM 13 
on a Q-PANEL substrate With a cure schedule of 23 minutes 
at 300° F., the ?lm thickness Was 2.0—3.0 mils. 

CORVEL® Black 20-7450 is a polyester poWder. The 
speci?c gravity (calculated) is 1.61. Coverage, square feet 
per pound per mil is 119. The particle siZe (Alpine Jet Sieve) 
using test method ASTM D 3451 (% retained) is: +200 
Mesh: 0—8%; +325 Mesh: 30—40%. In a test conducted With 
electrostatic spray application using test method MPTM 13 
on a 4x12 (2 seeds maXimum) substrate With a cure schedule 
of 22 minutes at 385 ° F., the ?lm thickness Was 1.8—3.0 mils. 

Salt spray resistance is the traditional corrosion test used 
by the coating industry. The most commonly used method is 
ASTM B 117, Which eXposes the coating to a 5% salt (NaCl) 
Water solution in the form of fog in a cabinet Which is 
maintained at 95° F. and 95% relative humidity. The coated 
parts are generally cut through (scribed) to the substrate. 
Coatings are rated for corrosion resistance based on the 
number of hours required to undercut the coating a speci?ed 
distance from the scribe. 

It is not uncommon to attain 1,000 hours salt spray 
resistance for a high gloss poWder coating applied at 2.0 
mils. HoWever, several factors may impact the ?nal salt 
spray resistance of a coating system. The quality of the 
substrate and the pretreatment of the substrate are important. 
If the substrate is not cleaned thoroughly of all oils, scale and 
other surface contamination, the poWder may not properly 
adhere to the surface, and corrosion resistance may be 
reduced. The amount of conversion coating, such as Zinc or 
iron phosphate, may have an impact on the product. An 
eXcess of conversion coating may reduce the adhesion of the 
conversion coating to the substrate, thus reducing the adhe 
sion of the poWder to the substrate/pretreatment. HoWever, 
inadequate amounts of conversion may reduce the protection 
provided by the conversion coating. 

The salt spray resistance of a coating may be affected by 
the ?lm thickness of the applied coating. Although a coating 
is continuous, it may alloW the passage of small amounts of 
moisture from the environment to the substrate 
(permeation). A thicker coating may reduce permeability. 
The corrosion resistant tube 10 as shoWn in FIG. 2 is 

novel and advantageous, in that it substantially eliminates 
any need for a traditional chromate or equivalent coating/ 
?lm over the Zinc layer 14 (since the poWdered material(s) 
adhere directly to a surface, there is no need to use chromate 
as an adhesion promoter), thus eliminating the processing 
and post-processing precautions necessary When Working 
With the toXic chromate solutions. If desired, tube 10 may 
have subsequent metallic and/or polymeric coatings applied 
thereto, either by the poWder coating method described 
hereinabove, and/or by any other suitable method, such as 
extrusion, painting, or any other coating processes described 
herein or equivalents thereof. 

Referring noW to FIG. 3, a second embodiment of the 
corrosion resistant tube of the present invention is desig 
nated generally as 10‘. In this embodiment, the tube 10‘ 
further comprises a polymeric layer 18 electrostatically 
bonded to the Zinc layer 14. It is to be understood that 
polymeric layer 18 may comprise any suitable poWdered 
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polymeric material as suitable and/or desired. However, in 
the preferred embodiment, polymeric layer 18 is selected 
from the group consisting of poWdered thermoplastic 
elastomers, poWdered polyole?ns, poWdered nylons, poW 
dered ?uoropolymers, poWdered polyesters, and mixtures 
thereof. 

It is to be understood that the polymeric layer 18 may be 
applied in any suitable thickness, hoWever, in the preferred 
embodiment, layer 18 has a thickness ranging betWeen about 
20 microns and about 200 microns, preferably betWeen 
about 50 microns and about 100 microns, and more prefer 
ably has a thickness of about 75 microns. 

As illustrative examples, the folloWing materials may be 
used: poWdered polyvinylidene ?uoride (PVDF), poWdered 
Nylon 12 (polyamide (PA) 12), poWdered Nylon 11 (PA 11), 
various poWdered epoxy materials, and/or mixtures thereof. 
In the more preferred embodiment, the polymeric layer 18 is 
selected from the group consisting of poWdered PVDF, 
poWdered Nylon 12, poWdered Nylon 11, and mixtures 
thereof. 

The folloWing is a brief description of various exemplary, 
commercially available compounds described hereinabove. 
It is to be understood that these are examples of suitable 
compounds for illustrative purposes. Thus, it is to be further 
understood that other suitable compounds are contemplated 
and are Within the scope of the present invention. 
Some suitable PVDF-based poWdered materials are com 

mercially available from Crosslink PoWder Coatings, Inc. in 
ClearWater, Fla. under the tradename SERIES 3000. Series 
3000 is a semi gloss functional vulcaniZed ?uorinated 
epoxide based poWder coating formulated to offer excep 
tional elongation, corrosion and chemical resistance at tem 
peratures ranging from sub Zero (—160° to 450° F. The 
material has an average particle siZe of 20—40 pm. It can cure 
at 500° F. for 2 minutes (600° F. being the approximate 
upper limit). The elongation is 1000% (Instron Tinnis 
Olson). The material achieved 5,000 hours using Test 
Method ASTM B 117 Salt Fog (aluminum substrate). 

Other suitable PVDF-based poWder coatings are commer 
cially available from Herberts PoWder Coatings, Inc. in 
Hilliard, Ohio under the tradename HERBERTS POWDER 
COATINGS. The color is Burnished Slate. The gloss level 
is 40—50% @ 60° Specular. Impact using test method ASTM 
D-2794 is 60 in./lbs., direct and reverse. Adhesion using test 
method ASTM D-3359 shoWs no detachment. Flexibility 
using test method ASTM B-522 is pass 1A in. mandrel. 
Humidity using test method ASTM D-2247 shoWs no blis 
tering. Salt Spray using test method ASTM B-117 shoWs 0 
Vs in. creep after 1,000 hours. Hardness using test method 
ASTM D-3363 is 2 H. U-V resistance shoWs excellent 
mechanical properties but prone to chalking on extended 
exterior exposure, although still retaining all protective 
qualities. The speci?c gravity is 1.4 calculated. The ?lm 
thickness is recommended at 1.5—2.5 mils. The cure sched 
ule is 10 minutes at 450° F. metal temperature or equivalent. 
This product can be regarded as non-toxic, but precautions 
should be taken to avoid inhalation of air-borne particles. 
The melting point is 90—120° C. The percent of volatiles by 
volume is less than 1 percent using test method ASTM 
D-2369-86; volatiles are essentially all absorbed Water. The 
appearance Was a ?nely divided poWder. The odor detected 
Was slight, if any. 

Another suitable poWdered ?uoropolymer commercially 
available from Herberts PoWder Coatings, Inc. in Hilliard, 
Ohio is sold under the tradename FLUOROSTAR® PC 
poWder coatings. FLUOROSTAR® PC KYNAR 500PC® 
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10 
resin based poWder coatings from Herberts PoWder Coatings 
meet the requirements of AAMA 605 .2-90 high performance 
architectural coatings speci?cation With a completely envi 
ronmentally friendly system. FLUOROSTAR® PC is a 
patented, full strength ?uorocarbon poWder coating. FLUO 
ROSTAR® PC can be applied With ease over either a 
poWder primer or a chromate-free liquid ?ash primer. The 
resin contains a minimum of 70% KYNAR 500PC® resin. 
KYNAR, commercially available from Elf Atochem North 
America in Philadelphia, Pa., is a vinylidene ?uoride 
hexa?uoropropylene copolymer. Its chemical name is 
1-propene,1,1,2,3,3,3-hexa?uoro-1,1-di?uoroethene poly 
mer. 

The gloss of the FLUOROSTAR® PC KYNAR 500PC® 
Was 3015 units measured at 60°. Colors are available in both 
standard and custom colors. Film thickness: primer (When 
used): liquid primer: 0.2—0.6 mils dry ?lm thickness; poWder 
primer: 1.0—1.2 mils dry ?lm thickness. Topcoat: 1.5—2.0 
mils dry ?lm thickness. Some typical performance proper 
ties include the folloWing. Using test method ASTM 
D-3363, the pencil hardness performance Was F minimum. 
Using test method ASTM D-3359-83, the adhesion perfor 
mance shoWed no pick-off. Using test method ASTM 
D-2247-80 for 5,000 hours of exposure, the folloWing 
performances Were noted: a chalk rating of 8 to 10 (no chalk) 
Was detected using testing method ASTM D-65 9-8; the color 
change Was no greater than 5AE units after removal of 
external deposits by using test method ASTM-2244-79; and 
the gloss retention retains a minimum of 50% of original 
gloss after removal of external deposits using test method 
ASTM D-523-80 measured to 60°. 

Using test method ASTM D-2247-80 With 3,000 hours of 
exposure, humidity resistance performance of the FLUO 
ROSTAR® PC KYNAR 500PC® shoWed no ?eld blisters 
and no change in pencil hardness after 24 hours. Using test 
method ASTM B-117-79 With 3,000 hours of exposure 
resulted in a performance With scribe creep of not more than 
1/32“ With no ?eld blisters. Using test method ASTM D-968 
87 (Coef?cient of Abrasion) resulted in performance With 
coef?cient of abrasion Which shall be 50:10 (determined by 
the number of liters of falling sand required to reach bare 
metal divided by the number of mils dry ?lm thickness of 
applied coating). Using test method Kesternich per ISO 
3231 resulted in performance of no defects—20 cycles 2.0 
liters SO2. Using test method Din 50001/ESS resulted in 
performance With no defects With 1,000 hours exposure. 
A suitable poWdered polyamide (PA, ie. nylon) material is 

commercially available from Creanova SpeZialchemie 
GmbH, a Hiils Group Co. in Marl, Germany under the 
tradename VESTOSINT®—PA 12 Coating PoWder. Coat 
ings of VESTOSINT can be used at temperatures doWn to 
—40° C. Without altering their properties. They are stable on 
long-term exposure to heat of up to +80° C., and for brief 
periods can be heated Without damage, in a mechanically 
unstressed state, to temperatures of up to +160° C. 
VESTOSINT, and the coatings prepared from it, are inert 
and can be disposed of by land?ll Without problems. Given 
an adequate supply of air, their combustion advantageously 
and safely forms carbon dioxide, Water and nitrogen. 
VESTOSINT, and coated objects from it, as long as they are 
of uniform grade, can be recycled. The upper particle-siZe 
limit is 250 pm. 
Some typical physical properties of VESTOSINT folloW. 

Melting point using test method DIN 53 736 version B, ISO 
1218 is 176° C. The average speci?c heat using test method 
DIN 51 005 is 1.2 kJ/kg K. The coefficient of linear 
expansion using test method DIN 52 328, is 10><10_5K_1. 
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The heat conductivity using test method DIN 52 612, 0.24 
W/m K. The density at 23° C. using test method DIN 53 479, 
ISO/R 1183 is 1.021 g/cm3. The Shore C hardness using test 
method DIN 53 505, ISO 868, is 91; While the Shore D 
hardness using test method DIN 53 505, ISO 868, is 75. The 
tear strength using test method DIN 53 455, ISO/R 527 is 57 
N/mm22. Elongation at break using test method DIN 53 455, 
ISO/R 527 is 300%3. The modulus of elasticity using test 
method DIN 53 457 is 980 N/mm2. The abrasion using test 
method Taber Abraser CS 17 roller, 1,000 revolutions is 
10—15 mg. The maximum Water absorption in 20/65 climatic 
conditioning, using test method DIN 53 495, ISO 62 is 0.9% 
by mass. Storage in Water at 23° C. using test method DIN 
53 495, ISO 62 is 1.5% by mass. 
1 Applies to non-pigmented products; for pigmented products the values may 
be depending on the degree of pigmentation. 
2 Determined using ?lms approximately 300 ,um thick, produced from 
non-pigmented VESTOSINT. 
3 See Note 2. 

VESTOSINT is optimiZed in respect of particle shape, 
particle siZe distribution and melt viscosity. It ensures out 
standing ?uidiZation properties and thus easy and environ 
mentally compatible coatings in a process Which is free from 
emissions Without loss of material. 

The coating process results in a composite material Which 
combines the design possibilities of metal processing With 
the surface quality of the VESTOSINT coating. VES 
TOSINT provides high-grade properties in terms of corro 
sion resistance, chemical resistance and/or Wear resistance. 
An adhesion promoter may be used if needed and/or desired. 
The poWders used for ?uidiZed-bed sintering are readily 
?oWable and have a particle siZe of 30 to 250 pm. They are 
carefully classi?ed to remove the dust-forming ?ne fraction. 

The amount of VESTOSINT® required depends on the 
application. It varies betWeen 5 and 20 parts in 100 parts of 
lacquer. VESTOSINT® molecules have carboxyl end 
groups. Therefore dispersions of 10% in Water have pH 
values betWeen 5.5 and 6.0. 
VESTOSINT® ?ne poWders are available in different 

particle siZe distributions. The median particle siZe (D 50 
value) is betWeen 10 and 60 pm, measured With a laser 
particle siZe analyZer. The particle siZe distribution of sev 
eral different grades of VESTOSINT® ?ne poWders fol 
loWs. For VESTOSINT 1115 Polyamide 12 (D 50 value): 
50:10 pm For VESTOSINT 1118 Polyamide 12 (D 50 
value): 3513 pm. For VESTOSINT 2154 Polyamide 12 (D 
50 value): 65:10 pm. For VESTOSINT 2157 Polyamide 12 
(D 50 value): 6014 pm (this is the grade used in the preferred 
embodiment). For VESTOSINT 2158 Polyamide 12 (D 50 
value): 2012 pm. For VESTOSINT 2159 Polyamide 12 (D 
50 value): 1012 pm. 
A suitable Nylon 11 poWdered material is commercially 

available from Elf Atochem North America in Philadelphia, 
Pa. under the tradename PA 11 PoWder 7268, MACiESY. 
Elf Atochem North America also supplies suitable poWdered 
PVDF materials. 

Morton PoWder Coatings, Inc. in Reading, Pa. also sup 
plies suitable poWdered PVDF and poWdered PA 11 mate 
rials. 

Referring noW to FIG. 4, tube 10‘ may further comprise a 
second polymeric layer 20 electrostatically bonded to the 
polymeric layer 18, Wherein the second polymeric layer 20 
comprises poWdered thermoplastic materials selected from 
the group consisting of poWdered nylons, poWdered ?uo 
ropolymers, poWdered polyesters, and mixtures thereof. It is 
to be understood that any of the polymeric materials men 
tioned herein With respect to the polymeric layer 18 may also 
be used as second layer 20. Although not as preferred, if a 
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third polymeric layer 22 is used (as shoWn in FIG. 5), the 
third polymeric layer 22 comprises poWdered thermoplastic 
materials selected from the group consisting of poWdered 
nylons, poWdered ?uoropolymers, poWdered polyesters, and 
mixtures thereof. It is to be understood that any of the 
polymeric materials mentioned herein With respect to the 
polymeric layer 18 may also be used as third layer 22. 

It is to be understood that any one, or combined polymeric 
layers may have any suitable thickness as desired. HoWever, 
in the preferred embodiment, the polymeric layer 18 and the 
second polymeric layer 20, combined, have a thickness 
ranging betWeen about 20 microns and about 200 microns, 
preferably betWeen about 50 microns and about 100 
microns, and more preferably has a thickness of about 75 
microns. Although not as preferred, the polymeric layer 18 
and the second polymeric layer 20, combined, may have a 
thickness of up to about 300 microns. 

In a preferred embodiment, the polymeric layer 18 con 
sists essentially of poWdered polyvinylidene ?uoride having 
an average particle siZe of betWeen about 20 pm and about 
30 pm (preferably about 20 pm); and second layer 20 
consists essentially of poWdered Nylon 12 having an aver 
age particle siZe of betWeen about 20 pm and about 30 pm 
(preferably about 20 pm). The ?ner the particle siZe is, the 
thinner the ?lm thicknesses may be obtained—generally, the 
obtainable ?lm thickness is about 3 times to about 3.5 times 
the average particle siZe. Further, substantially uniform 
particle siZes are preferred, as this enables a narroWer 
temperature range necessary for melt/cure. 

Referring noW to FIG. 5, a third embodiment of the 
corrosion resistant tube of the present invention is desig 
nated generally as 10“. Although a second polymeric layer 
20 is preferred, and one polymeric layer 18 is more pre 
ferred; in the alternate embodiment shoWn in FIG. 5, three 
polymeric layers 18, 20 and 22 are used. In other Words, it 
is to be understood that any suitable number of poWdered 
polymeric layers may be used in any of the embodiments 
disclosed herein; hoWever, one layer 18 or tWo layers 18 and 
20 are preferred. PoWdered polymeric layers 18, 20 and 22 
(as described above) are electrostatically bonded to a surface 
treatment layer 16 overlying a Zinc layer 14‘, the Zinc layer 
14‘ and surface treatment layer 16 applied to tube 12 as 
described in detail in US. Pat. No. 5,590,691, mentioned 
hereinabove, or by any other suitable means. 

Zinc layer 14‘, in the preferred embodiment, is selected 
from the group consisting of Zinc plating, Zinc nickel alloys, 
Zinc cobalt alloys, Zinc aluminum alloys, and mixtures 
thereof. Surface treatment layer 16 is bonded to the Zinc 
layer 14‘. Any suitable surface treatment layer 16 may be 
used. HoWever, in the preferred embodiment, surface treat 
ment layer 16 is selected from the group consisting of 
Zinc/aluminum/rare earth alloys, phosphates, chromates, and 
mixtures thereof. 
The phosphates and/or chromates may be applied in any 

suitable manner. In the preferred embodiment, a hot phos 
phoric acid is used. Without being bound to any theory, it is 
believed that this acid etches into the metal surface, leaving 
a phosphate crystalline structure in the metal, Which struc 
ture aids in subsequent adhesion of polymeric materials. 
Over electroplating, a Wet bath chromate may be used, after 
Which the metal is rinsed Well. Chromium oxides are left on 
the metal, Which are believed to aid in corrosion resistance, 
and Which, although optional, are further believed to 
enhance the advantageous properties of the phosphate. Over 
the Zinc/aluminum/rare earth alloy treatment, a dry chromate 
may be used Which does not require subsequent rinsing. 
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The Zinc/aluminum/rare earth alloy used is preferably 
GALFAN, commercially available from Eastern Alloys, Inc. 
in Maybrook, N.Y.; licensed from the International Lead 
Zinc Research Organization, Inc. located in NeW York, NY; 
and described in US. Pat. No. 4,448,748, Which is incor 
porated herein by reference in its entirety. Particularly 
preferred is the combination of the GALFAN With the 
phosphate, or the GALFAN With the phosphate and chro 
mate. Without being bound to any theory, it is believed that 
either of these tWo combinations for the surface treatment 
layer 16 are particularly advantageous and useful in the 
present invention. 

It is to be understood that one or more poWdered poly 
meric layers may be applied over any metallic corrosion 
resistant composition applied to an outer surface of metal 
tube 12. 

Referring noW to FIG. 6, a fourth embodiment of the 
corrosion resistant tube of the present invention is desig 
nated generally as 10‘". In this embodiment, polymeric layer 
18 is electrostatically bonded to the outer surface 13 of metal 
tube 12. Although not shoWn, it is to be understood that any 
number of subsequent polymeric layers may be applied to 
layer 18, either electrostatically or by other suitable means. 
This embodiment may be especially useful for decorative 
purposes. Further, it is contemplated that various poWdered 
polymeric compounds and/or blends may substantially bond 
to an untreated metal surface, thereby giving the numerous 
corrosion and abrasion resistant properties enumerated 
herein. 

It is to be understood that any combination and/or varia 
tion of any of the embodiments mentioned herein is con 
templated as being Within the scope and spirit of the present 
invention. 

Various combinations of corrosion resistant tubing 10 
according to the present invention have been prepared With 
metal tube 12 having a 3/16 inch diameter and 1A1“ braZed tube, 
or 5/16 inch, 3/8 inch and 1A1“ diameter Welded steel tube. The 
process according to the present invention is not siZe depen 
dent, and therefore it is anticipated that other siZes, including 
smaller siZes and larger siZes, of metal tube 12 can be 
processed according to the present invention. Further, tube 
12 may be of circular cross section as shoWn, hoWever, it is 
to be understood that tube 12 may be formed of any suitable 
siZe and/or shape, including square, rectangular and other 
geometric con?gurations. 

It is to be understood that any or all of the three layers, 18, 
20, 22 may include multiple sublayers (not shoWn). If 
multiple layers are used, the conductivity of the tube 12 may 
in some instances be undesirably limited (eg. When used for 
conveying fuel, if the electrostatic charge is not dissipated 
adequately, there may be an undesirable and/or haZardous 
build up of electrostatic charge). In such cases, it may be 
desirable to include suitable conductive media Within suit 
able polymeric layers. Further, it is to be understood that 
each of the layers and/or sublayers may be formed from a 
single compound listed in the relevant group, or from a 
combination of materials listed in the relevant group. Still 
further, it is to be understood that the material comprising 
one of the layers/sublayers may be the same or different 
from the material comprising any/all of the other layers/ 
sublayers. 

One of the advantages of the present invention is that a 
chemical or mechanical bond is formed betWeen all the 
layers. It is believed that good bonding prevents moisture 
buildup beneath the layers, Which buildup greatly increases 
the likelihood of corrosion. 
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Some advantages of the electrostatic coating of Zn or Zn 

alloy poWder according to the present invention include, but 
are not limited to the folloWing. The conventional hot 
dipping process consumes much energy to maintain the 
molten stage, and is dif?cult from a maintenance standpoint. 
The conventional electroplating process must be operated in 
a relatively loWer line speed in order to build up the Zn layer 
thickness, and also requires a great amount of ?oor space. 
The present invention does not require the amount of energy 
and maintenance as does the hot dip process; and it can be 
run at higher line speeds While using less ?oor space than 
does the electroplating process. The Zn and/or Zn alloy 
poWder coating process of the present invention is clean, 
simple, fast and ef?cient, While rendering adequate layer 
adhesion and utiliZation of close to 100% of the poWder 
material. 

To further illustrate the present invention, the folloWing 
eXamples are given, Within the conteXt of the discussion of 
test results found in the table of FIG. 7. It is to be understood 
that these eXamples are provided for illustrative purposes 
and are not to be construed as limiting the scope of the 
present invention. 

EXAMPLES 

Referring noW to FIG. 7, a table labelled “PoWder Coat 
Testing” lists various test parameters and results of tests 
Which Were run. In FIG. 7, “raW” is meant to designate a 
polymeric layer Without a Zinc layer underneath (ie. the 
polymeric layer Was applied to a bare, cleaned metal 
surface); “plated” is meant to designate a polymeric layer 
With Zinc plating (about 13 to about 25 microns) underneath; 
and “primer” is meant to designate a polymeric layer With 
Zinc plating (as above) and a primer layer (over the Zinc 
plating, the primer layer having a thickness betWeen about 
3 microns and about 7 microns, and comprising an epoXy 
primer from US. Paint) underneath. The tube used Was a 
3/16“ braZed tube. The “Endform Flare” Was an SAE type 
endform, and “passed” designates that there Was no cracking 
on the ?are. The “paint adhesion evaluation” Was performed 
after the tubing Was cut and bent. “Passed” re: the HCl 
emersion designates that there Was no rust on the tube, and 
no delamination of the polymeric layer from the underlying 
surface. 

While the invention has been described in connection 
With What is presently considered to be the most practical 
and preferred embodiments, it is to be understood that the 
invention is not to be limited to the disclosed embodiments 
but, on the contrary, is intended to cover various modi?ca 
tions and equivalent arrangements included Within the spirit 
and scope of the appended claims, Which scope is to be 
accorded the broadest interpretation so as to encompass all 
such modi?cations and equivalent structures as is permitted 
under the laW. 
What is claimed is: 
1. A corrosion resistant tube, comprising: 
a metal tube having an outer surface; and 
a Zinc layer electrostatically bonded to the metal tube 

outer surface, Wherein the Zinc layer is selected from 
the group consisting of poWdered Zinc; poWdered Zinc 
alloys consisting essentially of Zinc and a polymeric 
matrix, or Zinc and an epoXy matriX; poWdered Zinc 
poWdered Zinc nickel alloys; poWdered Zinc cobalt 
alloys; poWdered Zinc aluminum alloys; and miXtures 
thereof. 

2. The corrosion resistant tube as de?ned in claim 1 
Wherein the Zinc layer has a thickness ranging betWeen 
about 10 microns and about 75 microns. 
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3. The corrosion resistant tube as de?ned in claim 1 
Wherein the Zinc layer is a Zinc epoxy powder coating. 

4. The corrosion resistant tube as de?ned in claim 3 
Wherein the Zinc epoxy poWder coating has a speci?c gravity 
(calculated) of 2.94, and a particle siZe (Alpine Jet Sieve) 
using test method ASTM D3451 (% retained) of: +200 
Mesh: 0—5%; and +325 Mesh: 5—30%. 

5. The corrosion resistant tube as de?ned in claim 3 
Wherein the Zinc epoxy poWder coating has a salt spray 
resistance (vertical scribe) using test method ASTM B 117 
of greater than about 4000 hours. 

6. A corrosion resistant tube, comprising: 
a metal tube having an outer surface; and 
Zinc layer electrostatically bonded to the metal tube outer 

surface, Wherein the Zinc layer has a thickness ranging 
betWeen about 10 microns and about 75 microns, and 
Wherein the Zinc layer is a Zinc epoxy poWder coating 
having a speci?c gravity (calculated) of 2.94, and a 
particle siZe (Alpine Jet Sieve) using test method 
ASTM D3451 (% retained) of: +200 Mesh: 0—5%; and 
+325 Mesh: 5—30%, and Wherein the Zinc epoxy poW 
der coating has a salt spray resistance (vertical scribe) 
using test method ASTM B 117 of greater than about 
4000 hours. 

7. The corrosion resistant tube as de?ned in claim 1, 
further comprising a polymeric layer electrostatically 
bonded to the Zinc layer, Wherein the polymeric layer 
comprises poWdered therrnoplastic rnaterials selected from 
the group consisting of poWdered nylons, poWdered 
?uoropolyrners, poWdered polyesters, and mixtures thereof. 

8. The corrosion resistant tube as de?ned in claim 7 
Wherein the polymeric layer has a thickness ranging betWeen 
about 20 microns and about 200 microns. 

9. The corrosion resistant tube as de?ned in claim 7, 
further comprising a second polyrneric layer electrostati 
cally bonded to the polymeric layer, Wherein the second 
polyrneric layer comprises poWdered therrnoplastic materi 
als selected from the group consisting of poWdered nylons, 
poWdered ?uoropolyrners, poWdered polyesters, and mix 
tures thereof. 

10. The corrosion resistant tube as de?ned in claim 9 
Wherein the polymeric layer and the second polyrneric layer, 
cornbined, have a thickness ranging betWeen about 20 
microns and about 200 microns. 

11. The corrosion resistant tube as de?ned in claim 9 
Wherein the polymeric layer and the second polyrneric layer, 
cornbined, have a thickness ranging betWeen about 50 
microns and about 100 microns. 

12. The corrosion resistant tube as de?ned in claim 9 
Wherein the polymeric layer and the second polyrneric layer, 
cornbined, have a thickness of about 75 microns. 

13. The corrosion resistant tube as de?ned in claim 9 
Wherein the polymeric layer consists essentially of poW 
dered polyvinylidene ?uoride. 

14. The corrosion resistant tube as de?ned in claim 13 
Wherein the poWdered polyvinylidene ?uoride has an aver 
age particle siZe of betWeen about 20 urn and about 30 urn. 

15. The corrosion resistant tube as de?ned in claim 13 
Wherein the second polyrneric layer consists essentially of 
poWdered Nylon 12. 

16. The corrosion resistant tube as de?ned in claim 15 
Wherein the poWdered Nylon 12 has an average particle siZe 
of betWeen about 20 urn and about 30 urn. 

17. A corrosion resistant tube, comprising: 
a metal tube having an outer surface; 
a Zinc layer electrostatically bonded to the metal tube 

outer surface, Wherein the Zinc layer has a thickness 
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ranging betWeen about 10 microns and about 75 
microns, and Wherein the Zinc layer is a Zinc epoxy 
poWder coating having a speci?c gravity (calculated) of 
2.94, and a particle siZe (Alpine Jet Sieve) using test 
method ASTM D3451 (% retained) of: +200 Mesh: 
0—5%; and +325 Mesh: 5—30%, and Wherein the Zinc 
epoxy poWder coating has a salt spray resistance 
(vertical scribe) using test method ASTM B 117 of 
greater than about 4000 hours; 

a polymeric layer electrostatically bonded to the Zinc 
layer, Wherein the polymeric layer comprises poWdered 
therrnoplastic rnaterials selected from the group con 
sisting of poWdered nylons, poWdered ?uoropolyrners, 
poWdered polyesters, and mixtures thereof; and 

a second polyrneric layer electrostatically bonded to the 
polymeric layer, Wherein the second polyrneric layer 
comprises poWdered therrnoplastic rnaterials selected 
from the group consisting of poWdered nylons, poW 
dered ?uoropolyrners, poWdered polyesters, and mix 
tures thereof. 

18. The corrosion resistant tube as de?ned in claim 17 
Wherein the polymeric layer and the second polyrneric layer, 
cornbined, have a thickness ranging betWeen about 75 
microns and about 300 microns. 

19. The corrosion resistant tube as de?ned in claim 17 
Wherein the polymeric layer and the second polyrneric layer, 
cornbined, have a thickness ranging betWeen about 50 
microns and about 80 microns. 

20. The corrosion resistant tube as de?ned in claim 17 
Wherein the polymeric layer and the second polyrneric layer, 
cornbined, have a thickness ranging betWeen about 150 
microns and about 200 microns. 

21. The corrosion resistant tube as de?ned in claim 17 
Wherein the polymeric layer consists essentially of poW 
dered polyvinylidene ?uoride, and Wherein the second poly 
rneric layer consists essentially of poWdered Nylon 12. 

22. The corrosion resistant tube as de?ned in claim 21 
Wherein the poWdered polyvinylidene ?uoride has an aver 
age particle siZe of betWeen about 20 urn and about 30 urn, 
and Wherein the poWdered Nylon 12 has an average particle 
siZe of betWeen about 20 urn and about 30 urn. 

23. A corrosion resistant tube, comprising: 
a metal tube having an outer surface; 
a Zinc layer bonded to the metal tube outer surface, 

Wherein the Zinc layer is selected from the group 
consisting of Zinc plating, Zinc nickel alloys, Zinc 
cobalt alloys, Zinc aluminum alloys, and mixtures 
thereof; 

a surface treatment layer bonded to the Zinc layer, Wherein 
the surface treatment layer is selected from the group 
consisting of a Zinc/alurninurn/rare earth alloy, 
phosphate, chrornate, and mixtures thereof; and 

a polymeric layer electrostatically bonded to the surface 
treatment layer, Wherein the polymeric layer comprises 
poWdered therrnoplastic rnaterials selected from the 
group consisting of poWdered nylons, poWdered 
?uoropolyrners, poWdered polyesters, and mixtures 
thereof. 

24. The corrosion resistant tube as de?ned in claim 23 
Wherein the polymeric layer has a thickness ranging betWeen 
about 20 microns and about 200 microns. 

25. The corrosion resistant tube as de?ned in claim 23, 
further comprising a second polyrneric layer electrostati 
cally bonded to the polymeric layer, Wherein the second 
polyrneric layer comprises poWdered therrnoplastic materi 
als selected from the group consisting of poWdered nylons, 
poWdered ?uoropolyrners, poWdered polyesters, and mix 
tures thereof. 
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26. The corrosion resistant tube as de?ned in claim 25 
Wherein the polymeric layer and the second polymeric layer, 
combined, have a thickness ranging betWeen about 50 
microns and about 300 microns. 

27. The corrosion resistant tube as de?ned in claim 25 
Wherein the polymeric layer and the second polymeric layer, 
combined, have a thickness ranging betWeen about 50 
microns and about 100 microns. 

28. The corrosion resistant tube as de?ned in claim 25 
Wherein the polymeric layer and the second polymeric layer, 
combined, have a thickness ranging betWeen about 150 
microns and about 200 microns. 

29. The corrosion resistant tube as de?ned in claim 25 
Wherein the polymeric layer consists essentially of poW 
dered polyvinylidene ?uoride. 

30. The corrosion resistant tube as de?ned in claim 29 
Wherein the poWdered polyvinylidene ?uoride has an aver 
age particle siZe of betWeen about 20 pm and about 30 pm. 

31. The corrosion resistant tube as de?ned in claim 25 
Wherein the second polymeric layer consists essentially of 
poWdered Nylon 12. 

32. The corrosion resistant tube as de?ned in claim 31 
Wherein the poWdered Nylon 12 has an average particle siZe 
of betWeen about 20 pm and about 30 pm. 

33. A corrosion resistant tube, comprising: 
a metal tube having an outer surface; 
a Zinc layer bonded to the metal tube outer surface, 

Wherein the Zinc layer is selected from the group 
consisting of Zinc plating, Zinc nickel alloys, Zinc 
cobalt alloys, Zinc aluminum alloys, and mixtures 
thereof; 

a surface treatment layer bonded to the Zinc layer, Wherein 
the surface treatment layer is selected from the group 
consisting of a Zinc/aluminum/rare earth alloy, 
phosphate, chromate, and mixtures thereof; 

a polymeric layer electrostatically bonded to the surface 
treatment layer, Wherein the polymeric layer is selected 
from the group consisting of poWdered polyvinylidene 
?uoride, poWdered Nylon 12, and mixtures thereof; and 

a second polymeric layer electrostatically bonded to the 
polymeric layer, Wherein the second polymeric layer is 
selected from the group consisting of poWdered poly 
vinylidene ?uoride, poWdered Nylon 12, and mixtures 
thereof. 

34. The corrosion resistant tube as de?ned in claim 33 
Wherein the polymeric layer and the second polymeric layer, 
combined, have a thickness ranging betWeen about 75 
microns and about 300 microns. 

35. The corrosion resistant tube as de?ned in claim 33 
Wherein the polymeric layer and the second polymeric layer, 
combined, have a thickness ranging betWeen about 50 
microns and about 80 microns. 

36. The corrosion resistant tube as de?ned in claim 33 
Wherein the polymeric layer and the second polymeric layer, 
combined, have a thickness ranging betWeen about 150 
microns and about 200 microns. 

37. The corrosion resistant tube as de?ned in claim 33 
Wherein the polymeric layer consists essentially of poW 
dered polyvinylidene ?uoride. 

38. The corrosion resistant tube as de?ned in claim 37 
Wherein the poWdered polyvinylidene ?uoride has an aver 
age particle siZe of betWeen about 20 pm and about 30 pm. 

39. The corrosion resistant tube as de?ned in claim 33 
Wherein the second polymeric layer consists essentially of 
poWdered Nylon 12. 

40. The corrosion resistant tube as de?ned in claim 39 
Wherein the poWdered Nylon 12 has an average particle siZe 
of betWeen about 20 pm and about 30 pm. 
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41. A corrosion resistant metal tube having a metallic 

corrosion resistant composition applied to an outer surface 
thereof, the corrosion resistant tube comprising: 

a polymeric layer electrostatically bonded to the metallic 
corrosion resistant composition, Wherein the polymeric 
layer comprises poWdered thermoplastic materials 
selected from the group consisting of poWdered nylons, 
poWdered ?uoropolymers, poWdered polyesters, and 
mixtures thereof. 

42. The corrosion resistant tube as de?ned in claim 41 
Wherein the polymeric layer has a thickness ranging betWeen 
about 20 microns and about 200 microns. 

43. The corrosion resistant tube as de?ned in claim 41, 
further comprising a second polymeric layer electrostati 
cally bonded to the polymeric layer, Wherein the second 
polymeric layer comprises poWdered thermoplastic materi 
als selected from the group consisting of poWdered nylons, 
poWdered ?uoropolymers, poWdered polyesters, and mix 
tures thereof. 

44. The corrosion resistant tube as de?ned in claim 43 
Wherein the polymeric layer and the second polymeric layer, 
combined, have a thickness ranging betWeen about 75 
microns and about 300 microns. 

45. The corrosion resistant tube as de?ned in claim 43 
Wherein the polymeric layer and the second polymeric layer, 
combined, have a thickness ranging betWeen about 50 
microns and about 80 microns. 

46. The corrosion resistant tube as de?ned in claim 43 
Wherein the polymeric layer and the second polymeric layer, 
combined, have a thickness ranging betWeen about 150 
microns and about 200 microns. 

47. The corrosion resistant tube as de?ned in claim 43 
Wherein the polymeric layer consists essentially of poW 
dered polyvinylidene ?uoride. 

48. The corrosion resistant tube as de?ned in claim 47 
Wherein the poWdered polyvinylidene ?uoride has an aver 
age particle siZe of betWeen about 20 pm and about 30 pm. 

49. The corrosion resistant tube as de?ned in claim 43 
Wherein the second polymeric layer consists essentially of 
poWdered Nylon 12. 

50. The corrosion resistant tube as de?ned in claim 49 
Wherein the poWdered Nylon 12 has an average particle siZe 
of betWeen about 20 pm and about 30 pm. 

51. A corrosion resistant metal tube having a metallic 
corrosion resistant composition applied to an outer surface 
thereof, the corrosion resistant tube comprising: 

a polymeric layer electrostatically bonded to the metallic 
corrosion resistant composition, Wherein the polymeric 
layer is selected from the group consisting of poWdered 
polyvinylidene ?uoride, poWdered Nylon 12, and mix 
tures thereof; and 

a second polymeric layer electrostatically bonded to the 
polymeric layer, Wherein the second polymeric layer is 
selected from the group consisting of poWdered poly 
vinylidene ?uoride, poWdered Nylon 12, and mixtures 
thereof. 

52. The corrosion resistant tube as de?ned in claim 51 
Wherein the polymeric layer and the second polymeric layer, 
combined, have a thickness ranging betWeen about 75 
microns and about 300 microns. 

53. The corrosion resistant tube as de?ned in claim 51 
Wherein the polymeric layer and the second polymeric layer, 
combined, have a thickness ranging betWeen about 50 
microns and about 80 microns. 

54. The corrosion resistant tube as de?ned in claim 51 
Wherein the polymeric layer and the second polymeric layer, 
combined, have a thickness ranging betWeen about 150 
microns and about 200 microns. 
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55. The corrosion resistant tube as de?ned in claim 51 
Wherein the polymeric layer consists essentially of poW 
dered polyvinylidene ?uoride. 

56. The corrosion resistant tube as de?ned in claim 55 
Wherein the poWdered polyvinylidene ?uoride has an aver 
age particle siZe of betWeen about 20 pm and about 30 pm. 

57. The corrosion resistant tube as de?ned in claim 51 
Wherein the second polymeric layer consists essentially of 
poWdered Nylon 12. 

58. The corrosion resistant tube as de?ned in claim 57 
Wherein the poWdered Nylon 12 has an average particle siZe 
of betWeen about 20 pm and about 30 pm. 

59. A corrosion resistant tube, comprising: 
a metal tube having an outer surface; 

a polymeric layer electrostatically bonded to the metal 
tube outer surface, Wherein the polymeric layer com 
prises poWdered thermoplastic materials selected from 
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the group consisting of poWdered nylons, poWdered 
?uoropolymers, poWdered polyesters, and mixtures 
thereof; and 

a second polymeric layer electrostatically bonded to the 
polymeric layer, Wherein the second polymeric layer 
comprises poWdered thermoplastic materials selected 
from the group consisting of poWdered nylons, poW 
dered ?uoropolymers, poWdered polyesters, and miX 
tures thereof. 

60. The corrosion resistant tube as de?ned in claim 59 
Wherein the polymeric layer is selected from the group 
consisting of poWdered polyvinylidene ?uoride, poWdered 
Nylon 12, and miXtures thereof, and Wherein the second 
polymeric layer is selected from the group consisting of 
poWdered polyvinylidene ?uoride, poWdered Nylon 12, and 
mixtures thereof. 


